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ABSTRACT 
Effect of Irrigation Interval on Physiological and  
Growth Parameters of Moringa oleifera  
and Moringa peregrina Seedlings 
 
Wafa Elhag Adam Abaker 
M.Sc. in Forestry 
 
This study investigated the effect of irrigation interval on growth and 
physiological parameters of M. oleifera and M. peregrina seedlings 
and the difference between the two species. The study was conducted 
in a nursery where the seedlings were raised using polythene bags 
filled with silt soil.  The seedlings were irrigated every two days for 
two months, and then four irrigation intervals treatments were applied 
(every 2, 4, 6 and 8 days) for three months.  Seedling shoot height and 
number of leaves were measured weekly from the start of the 
treatments. Three subsequent destructive harvests were conducted and 
root length, shoot dry weight and root dry weight were determined and 
total plant weight and root to shoot ratio were calculated. Leaf gas 
exchange parameters were measured for the four irrigation intervals, 
one day before irrigation and then measured one day after irrigation. 
The irrigation intervals had no significant effect on the shoot height of 
the two species. However, the number of leaves per plant was 
significantly reduced with increasing irrigation intervals. Root length 
showed fluctuating response pattern in both species for all intervals of 
irrigation at the three harvests.  Root and shoot dry weights were 
reduced with increasing irrigation intervals for the two species. The 
irrigation intervals had significant effect on root/shoot ratio and total 
plant weight of M. oleifera seedlings. Root/shoot ratio and total plant 
weight displayed significantly lowest values in the seedlings that were 
 viii
irrigated every 8 days. Seedlings of M. peregrina showed the same 
result as those of M. oleifera in total plant weight. The irrigation 
intervals had significant effect on the gas exchange parameters of M. 
oleifera and M. peregrina seedlings. Increasing the irrigation interval 
caused progressive lowering of net photosynthesis, stomatal 
conductance and transpiration rate of the seedlings of the two species. 
The 8 days irrigated seedlings had the lowest values. In both species, 
net photosynthesis had rapidly recovered for the seedlings irrigated 
every 6 and 8 days after re-watering and became similar to that of 
those irrigated every 2 and 4 days. M. peregrina exhibited 
significantly greater root/shoot ratio than Moringa oleifera in all 
irrigation intervals. Also, M. peregrina maintained higher stomatal 
conductance and net photosynthesis per unit area than M. oleifera. The 
results point to the ability of M. peregrina to withstand drought 
conditions more than M. oleifera. Also, the results suggest that 
irrigation frequency in the nursery should not be later than 6 days for 
M. oleifera. Further studies are suggested to evaluate the physiology 
and growth response of Moringa peregrina under longer irrigation 
intervals.  
 
 
 
 
 
 
 
 
 
xi 
 ﺍﻟﻤﺴﺘﺨﻠﺹ
  ﺘﺄﺜﻴﺭ ﻓﺘﺭﺓ ﺍﻟﺭﻯ ﻋﻠﻰ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﺔ ﻭﺍﻟﻨﻤﻭ
  anirgerep agniroM( ﻭ arefielo agniroM)ﻟﺸﺘﻭل ﺍﻟﻤﻭﺭﻨﻘﺎ 
  
  ﺃﺒﻜﺭ ﺁﺩﻡ ﻭﻓﺎﺀ ﺍﻟﺤﺎﺝ
  ﻐﺎﺒﺎﺕﺍﻟ ﺍﻟﻌﻠﻭﻡ ﻓﻰﻤﺎﺠﺴﺘﻴﺭ
 
 
ﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﺔ ﺍﻟﺘﻌﺭﻑ ﻋﻠﻰ ﺘﺄﺜﻴﺭ ﻓﺘﺭﺓ ﺍﻟﺭﻯ ﻋﻠﻰ ﺍ ﺇﻟﻰﺔ ﻫﺩﻓﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴ
  anirgerep agniroM( ﻭ )arefielo agniroM ﻭل ﺍﻟـﻤـﻭﺭﻨﻘــﺎ ﺍﻟﻨﻤـﻭ ﻟﺸـﺘ ﻭ
ﺤﻴـﺙ ﺘـﻡ ﺘﺄﺴـﻴﺱ ﺍﻟﺸـﺘﻭل ، ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻓﻲ ﺍﻟﻤﺸﺘل. ﻭﺍﻻﺨﺘﻼﻑ ﺒﻴﻥ ﺍﻟﻨﻭﻋﻴﻥ
ﺭﻭﻴﺕ ﺍﻟﺸﺘﻭل ﻜل ﻴﻭﻤﻴﻥ ﻟﻤﺩﺓ ﺸـﻬﺭﻴﻥ  ،ﻡ ﺍﻜﻴﺎﺱ ﺍﻟﺒﻭﻟﻴﺜﻴﻥ ﺍﻟﻤﻤﻠﺅﺓ ﺒﺎﻟﺘﺭﺒﺔ ﺍﻟﺴﻠﺘﻴﺔﺒﺎﺴﺘﺨﺩﺍ
ﺘﻡ ﻗﻴﺎﺱ ﻁـﻭل  ،ﺭﻟﻤﺩﺓ ﺜﻼﺜﺔ ﺃﺸﻬ( ﺃﻴﺎﻡ 8ﻭ 6، 4، 2ﻜل ) ﻓﺘﺭﺍﺕ ﺭﻯ ﺃﺭﺒﻊﻭﻤﻥ ﺜﻡ ﻁﺒﻘﺕ 
ﻰ ﺘﻡ ﺍﻟﺤﺼﺎﺩ ﺍﻟﻜﻠـﻰ ﻓ  ـ. ﻤﻨﺫ ﺒﺩﺍﻴﺔ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺃﺴﺒﻭﻋﻴﺎﹰﻋﺩﺩ ﺍﻷﻭﺭﺍﻕ ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻱ ﻭ
ﺍﻟﻤﺠﻤـﻭﻉ ﺎﺱ ﺍﻟﻭﺯﻥ ﺍﻟﺠﺎﻑ ﻟﻠﻤﺠﻤﻭﻉ ﺍﻟﺨﻀـﺭﻯ ﻭ ﻗﻴﻭﺜﻼﺙ ﻓﺘﺭﺍﺕ ﻭﻗﻴﺎﺱ ﻁﻭل ﺍﻟﺠﺫﻭﺭ 
ﺃﻴﻀﺎ ﺘﻡ ﻗﻴـﺎﺱ . ﺍﻟﺠﺫﺭﻯ  ﻭﺤﺴﺎﺏ  ﻭﺯﻥ ﺍﻟﻨﺒﺎﺕ ﺍﻟﻜﻠﻰ ﻭﻨﺴﺒﺔ ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺠﺫﺭﻯ ﻟﻠﺨﻀﺭﻯ
ﺒﻌﺩ ﻴـﻭﻡ ﻤـﻥ ﻗﺒل ﻴﻭﻡ ﻤﻥ ﺍﻟﺭﻯ ﻭ ﺍﻷﺭﺒﻊﻤﻌﺎﻴﻴﺭ ﺍﻟﺘﺒﺎﺩل ﺍﻟﻐﺎﺯﻯ ﻓﻰ ﺍﻟﻭﺭﻗﺔ ﻟﻔﺘﺭﺍﺕ ﺍﻟﺭﻯ 
ﻨﻘـﺹ ﻋـﺩﺩ  ﻥﻟﻡ ﺘﺅﺜﺭ ﻤﻌﺎﻤﻠﺔ ﺍﻟﺭﻯ ﻋﻠﻰ ﻁﻭل ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻯ ﻟﻠﻨﻭﻋﻴﻥ، ﻭﻟﻜ. ﺍﻟﺭﻯ
ﺃﻋﻁﻲ ﻁﻭل ﺍﻟﺠﺫﻭﺭ ﻗﻴﻡ ﻤﺘﺄﺭﺠﺤﺔ ﻓﻲ ﻜل ﺍﻟﻤﻌﺎﻤﻼﺕ  . ﺍﻟﺭﻯ ﺒﺯﻴﺎﺩﺓ ﻓﺘﺭﺍﺕ ﻤﻌﻨﻭﻴﺎﹰ ﺍﻷﻭﺭﺍﻕ
ﺘﺄﺜﺭ ﻨﻤﻭ ﻜل ﻤﻥ ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻱ ﻭﺍﻟﺠﺫﺭﻯ ﺒﺯﻴﺎﺩﺓ ﻓﺘـﺭﺍﺕ . ﻓﻲ ﻓﺘﺭﺍﺕ ﺍﻟﺤﺼﺎﺩ ﺍﻟﺜﻼﺜﺔ
ﻤﻭﻉ ﺍﻟﺠﺫﺭﻯ ﺇﻟﻲ ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻯ ﺃﺜﺭﺕ ﻓﺘﺭﺓ ﺍﻟﺭﻯ ﻋﻠﻰ ﻨﺴﺒﺔ ﺍﻟﻤﺠ. ﺍﻟﺭﻱ ﻓﻲ ﺍﻟﻨﻭﻋﻴﻥ
ﺤﻴﺙ ﺃﻅﻬﺭﺕ ﻫﺫﻩ ﺍﻟﻤﻌﺎﻴﻴﺭ ﻗﻴﻡ ﺃﻗل ﻤﻌﻨﻭﻴﺎ ﻓـﻰ  arefielo .Mﻠﻰ ﻟﺸﺘﻭل ﻭﺯﻥ ﺍﻟﻨﺒﺎﺕ ﺍﻟﻜﻭ
 ﻤﻤﺎﺜﻠـﺔ ﻟـﻭﺯﻥ  ﻨﺘﻴﺠـﺔ  anirgerep .Mﺃﻅﻬﺭﺕ ﺸﺘﻭل . ﺃﻴﺎﻡ 8ﺍﻟﺸﺘﻭل ﺍﻟﺘﻰ ﺭﻭﻴﺕ ﻜل 
 arefielo .Mﻋﻠﻰ ﻤﻌﺎﻴﻴﺭ ﺍﻟﺘﺒﺎﺩل ﺍﻟﻐﺎﺯﻯ ﻟﺸﺘﻭل  ﺃﺜﺭﺕ ﻓﺘﺭﺍﺕ ﺍﻟﺭﻯ ﻤﻌﻨﻭﻴﺎﹰ. ﺍﻟﻨﺒﺎﺕ ﺍﻟﻜﻠﻰ
ﻨﺨﻔﺎﺽ ﻤﺴﺘﻤﺭ ﻓـﻲ ﺍﻟﺒﻨـﺎﺀ ﺍﻟﻀـﻭﺌﻲ ﺍﺯﻴﺎﺩﺓ ﻓﺘﺭﺍﺕ ﺍﻟﺭﻱ ﺘﺴﺒﺒﺕ ﻓﻲ  anirgerep .Mﻭ
 8ﺃﻋﻁﺕ ﺍﻟﺸﺘﻭل ﺍﻟﺘﻰ ﺭﻭﻴﺕ ﻜـل ، ﺘﻭﺼﻴﻠﻪ ﺍﻟﺜﻐﻭﺭ ﻭﻤﻌﺩل ﺍﻟﻨﺘﺢ ﻟﺸﺘﻭل ﻜل ﻤﻥ ﺍﻟﻨﻭﻋﻴﻥﻭ
ﺒﻌﺩ ﺇﻋﺎﺩﺓ ﺍﻟﺭﻱ ﺍﺴﺘﺭﺠﻊ ﻜﻼ ﺍﻟﻨﻭﻋﻴﻥ ﻤﻌﺩل ﺍﻟﺒﻨﺎﺀ ﺍﻟﻀﻭﺌﻲ ﻓﻲ ﺍﻟﺸﺘﻭل ﺍﻟﺘـﻲ . ﺃﻴﺎﻡ ﺃﻗل ﻗﻴﻡ
 anirgerep .Mﺃﻋﻁﺕ . ﺃﻴﺎﻡ 4ﻭ 2ﺃﻴﺎﻡ ﻜﻤﺎ ﻓﻰ ﺍﻟﺸﺘﻭل ﺍﻟﺘﻰ ﺘﺭﻭﻯ ﻜل  8ﻭ 6ﺘﺭﻭﻯ ﻜل 
x 
ﻓﻰ ﻜل ﻓﺘﺭﺍﺕ  arefielo .Mﺃﻋﻠﻰ ﻨﺴﺒﺔ ﻤﺠﻤﻭﻉ ﺠﺫﺭﻯ ﺍﻟﻰ ﺨﻀﺭﻯ ﻭ ﺒﻔﺭﻕ ﻤﻌﻨﻭﻱ ﻤﻥ 
   . ﻜﻤﺎ ﺃﻋﻁﺕ ﺃﻋﻠﻰ ﻗﻴﻤﺔ ﺘﻭﺼﻴﻠﺔ ﺜﻐﻭﺭ ﻭ ﺒﻨﺎﺀ ﻀﻭﺌﻰ ﻓﻰ ﻭﺤﺩﺓ ﻤﺴﺎﺤﺔ ﺍﻟﻭﺭﻗﺔ. ﺍﻟﺭﻯ
. arefielo .Mﻟﺘﺤﻤل ﺍﻟﺠﻔﺎﻑ ﺃﻜﺜﺭ ﻤـﻥ  anirgerep .Mﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻗﺎﺒﻠﻴﺔ 
 ﺍﻗﺘﺭﺤـﺕ ﻭ ،arefielo .M ـﺃﻴﺎﻡ ﻟ 6ﻋﻥ ﺘﻁﻭل ﻓﺘﺭﺍﺕ ﺍﻟﺭﻯ ﻓﻰ ﺍﻟﻤﺸﺘل  ﺃﻻﻜﻤﺎ ﺍﻗﺘﺭﺤﺕ 
ﻟﻔﺘﺭﺍﺕ ﺭﻯ  anirgerep .M ـﺍﻟﻨﻤﻭ ﻟﻟﺘﻘﻴﻴﻡ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﺔ ﻭ ﻤﺯﻴﺩﺍ ﻤﻥ ﺍﻟﺩﺭﺍﺴﺎﺕ
  .ﺃﻁﻭل
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 1
CHAPTER ONE 
INTRODUCTION 
1.1 Background 
The genus Moringa consists of 13 species of which is Moringa 
oleifera and Moringa peregrina. It belongs to the family Moringaceae. 
It is native to India, the Red Sea and parts of Africa including Sudan. 
Moringa tolerates a wide range of environmental conditions. It grows 
best between 25 to 35ºC, but tolerates up to 48ºC in the shade and 
survives a light frost. The drought tolerant species grow well in areas 
receiving annual rain fall that ranges from 250 to 1500 mm. It prefers 
a well-drained sandy loam or loam soil, but tolerates clay (Palada and 
Chang, 2003). 
The genus is a fast growing throughout the tropics and one of the 
world’s most useful plants. It is generally used for human food, 
livestock forage, medicines, dyes and water purification. M. oleifera is 
grown traditionally as back yard trees or hedges for its leaves which 
are used domestically (Amaglo, 2006). It is well known because of its 
multi-purpose attributes, wide adaptability and easiness of 
establishment. The leaves, fruits and flowers are packed with nutrients 
important for both humans and animals (Dalla Rosa, 1993). Although 
Moringa is not a nitrogen-fixing, its fruits, flowers and leaves contain 
5 to 10% protein.  The fruits are often cooked and eaten like green 
beans. The root tastes similar to horseradish and is a popular food in 
East Africa. The flowers also produce a high quality honey. The wood 
is light, but provides a fairly good fuel for cooking (Dalla Rosa, 
1993). The increased awareness of the multiple uses of Moringa 
oleifera leaves for both domestic and industrial purposes has led to 
greater demand for it (Amaglo, 2006). 
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The seed powder has traditionally been used for the purification of 
turbid drinking water in rural areas in Sudan (Jahn and Hamid, 1979). 
In the Nile valley, the local name for Moringa tree is 'Al Rawag' 
which means tree for purifying water (Von Maydell, 1986). 
M. oleifera is considered a suitable tree species for alley cropping in 
agroforestry system due to the easiness of establishment, fast growth, 
large biomass and deep root system. Also, it coppices rapidly after 
pruning and the canopy is loose, thus preventing excessive crop 
shading. 
M. peregrina occurs naturally in arid and semi-arid regions bordering 
the Red Sea and distributed in different parts of Sudan. The main 
product from M. peregrina is the seed oil, which constitutes about 
50% of the seed (Munyanziza and Yongabi, 2007).  
In dry and arid lands, moringa is established using regular irrigation 
for the first two months. Once established, moringa rarely needs 
watering. The well-rooted tree tolerates drought and needs irrigation 
only when persistent wilting is evident (Palada and Chang, 2003).  
Water is essential for the existence of life, and the kinds and amounts 
of vegetation occurring in various parts of the earth's surface depend 
more on the quantity of water available than on any other single 
environmental factor (Kramer and Boyer, 1995).  It is the most 
limiting ecological resource responsible for the distribution of higher 
plants (Farquhar et al., 1989). Also, it is considered the most 
important constituent of woody plants.  
Arid and semi-arid lands suffer a multitude of environmental stresses. 
Water deficit, the main environmental stress in these areas, is usually 
accompanied by other stresses such as salt and heat. These stresses 
constitute constraints which prevent plants from expressing their 
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genetic potential (Ahmed and Ahmed, 2007). Thus, water deficit or 
drought is the most critical environmental problem affecting tree 
growth and development.  
1.2 Justification  
Despite the great potential of Moringa, not much is known about its 
response to drought. Also, little has been done in Sudan to assess the 
seedlings response and their ability to acclimate to water deficit. To 
maximize the potential value of moringa, there is a need to understand 
the physiological and morphological responses to irrigation intervals. 
In all arid regions, a major challenge is to obtain water, to conserve it, 
to use it efficiently, and to avoid damage to the soil (Creswell and 
Martin, 1998).       
Previous research on M. oleifera focused on its potential values for 
human nutrition, water purification, livestock feed, dyes, herbal 
medicine and oil production. However, information on its suitable 
cultivation procedures in Sudan is limited. Furthermore, M. peregrina 
was not studied despite its great potential.  
1.3 Problem statement  
Moringa peregrina grows in rocky valleys in arid and semi desert, 
whereas M. oleifera a cultivated species in Sudan is a native of India, 
which may suggest varying responses to soil moisture content.  Plants 
are adapted to aridity by several mechanisms. Some plants have a very 
small or narrow leaves (Creswell and Martin, 1998). Munyanziza and 
Yongabi (2007) reported that young seedlings of M. peregrina have 
broad leaflets and form a large tuber. Through many dry seasons, the 
shoot dies back to the tuber to below ground-level. As the plant gets 
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older the stem becomes permanent and the leaves get progressively 
longer, while the leaflets get smaller and more widely spaced.  
The drought-tolerant tree grows well in areas receiving annual rainfall 
amounts that range from 250 to 1500 mm. Moringa oleifera is quite 
drought tolerant, but it yields much less foliage where it is 
continuously under water stress. Where annual rainfall is bellow 
300mm, the tree requires a relatively high water table to be productive 
(Dalla Rosa, 1993). It is a deciduous tree; it sheds most of its leaves 
during the periods of water stress. In dry and arid climates, irrigation 
is needed regularly for the first two months. The well-rooted tree 
tolerates drought and needs irrigation only when persistent wilting is 
evident (Amaglo, 2006). Moringa oleifera trees flower and produce 
fruits when ever there is sufficient water available. If rainfall is 
continuous throughout the year, Moringa oleifera trees have a nearly 
continuous yield. In arid conditions, flowering can be induced through 
irrigation. These characteristics may lead to varying responses to 
irrigation intervals in the nursery. 
1.4 Objectives 
The main aim of this study was to test the hypothesis that the 
seedlings of M. oleifera and M. peregrina are affected by irrigation 
intervals and the two species differ in their response. The specific 
objectives are to assess the effect of irrigation intervals on: 
1. Seedlings growth parameters, biomass production and 
partitioning of the two species. 
2. Physiological parameters of the seedlings. 
3. Differences between the seedlings of the two species.  
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Description of moringa species  
Moringa oleifera, a deciduous and fast growing tree species, was 
originally an ornamental tree in the Sudan (Jahn and Hamid, 1979). 
On the other hand, Moringa peregrina grows naturally in the Red Sea 
Hills (Munyanziza and Yongabi, 2007). Botanically, moringa is 
classified in the order “Brassicales” and belongs to the family 
“Moringaceae”. Rawag is Arabic name for Moringa oleifera and 
Moringa peregrina. 
2.1.1 Moringa oleifera (Lam.) 
 Moringa oleifera is a tropical tree; in the short grass savanna (El 
Amin, 1990). It grows in the range of 25 to30oC, but it can survives up 
to 48oC. Also, it grows well in areas receiving annual rainfall from 
250 to 1500 mm. It is found in altitudes below 600 m, but it can grow 
up to altitude 1200 m above sea level in the tropics (Price, 2000). It 
prefers a well drained sandy loam or loamy soils and it doesn’t 
tolerate prolonged flooding or poorly drained clay soils. It tolerates a 
soil pH of 5.0- 9.0 (Palada and Chang, 2003). 
El Amin (1990) described Moringa oleifera as: Trees of Moringa 
oleifera are small and can reach up to 7m high. Bark pale grey smooth 
and corky. Roots of young plant swollen. Leaves bi or more often 
tripinnate 30 – 60 cm long; leaflets 1.25 - 2 cm long, 0.7- 1.25 wide 
the lateral some what elliptic, the terminal leaflets obovate and 
slightly larger than the lateral one, generally with 6 pairs of pinnae, 
with 2 pairs of opposite lateral and one terminal. Flowers along 
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branches, paniculate, sweet scented, cream coloured; sepals 5 unequal 
in size; petals unequal and slightly larger than sepals white with 
yellow dots at the base. Fruit 3- angled, elongate - linear tapering at 
both ends, 9 - ribbed up to 30 cm long. Seeds round, with three papery 
wings. Flowering November - January - February; fruiting January – 
March (El Amin, 1990). 
The tree yields a gum belonging to the tragacanth group .The seeds 
contain up to 38 % of oil (Ben oil) and a saponin. The oil is suitable 
for food purposes and as a lubricant. The young swollen roots make 
an effective substitute for horseradish. Leaves, young pods and 
flowers are also edible for humans and stock. The species originally 
introduced from India and Arabia is planted as a green hedge in many 
parts of Sudan (El Amin, 1990). Also, the seeds are pounded and used 
to clear water for drinking. 
2.1.2 Moringa peregrina (Forsk.)  
Moringa peregrina grows in rocky valleys in arid and semi desert 
areas of up to 850 m altitude in woodland, Red sea hills, Blue Nile 
(Sennar, Roseires), Kordofan and Darfur, Equatoria (El Amin, 1990). 
Northern State (Kasinger area). 
El Amin (1990) described the species as follows: - Small tree up to 
5m high with whip-like branches. Leaves tripinnate with numerous 
stipitate glands on the petiolules, broadly lanceolate, entire, acute at 
the apex, 3-5 cm long and 2-5cm wide but often much smaller and of 
various  shapes. Flowers in panicles 30 cm long sweetly scented about 
0.9 cm long, pink fruit riaged, 30 cm long and 1.25 cm wide. Seeds un 
winged about 13 per fruit. Flowering March - April; fruiting April-
May. 
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The main product derived from Moringa peregrina is seed oil, called 
‘Ben oil’. The oil is used for cooking, in cosmetics and in medicine. 
The seeds are also used as coagulant to purify water e.g. in Sudan. The 
leaves are used as fodder. The tuber of the young plant is eaten. The 
wood is collected for fuel and also resists termites (Price, 2000).  
The cultivated Moringa oleifera is easily separated from the 
indigenous species by the latter having pink flowers and an unwinged 
seed, while the former has white cream flowers and 3-winged seeds 
(El Amin, 1990).   
2.2 Importance of water for plants 
Water transports minerals through the soil to the roots where they are 
absorbed by the plant.  Also, it is the principal medium of the 
chemical and biochemical processes that support plant metabolism 
(Haman and Izuno, 1993). Under pressure within plant cells, water 
provides physical support for plants. It, also, acts as a solvent for 
dissolved sugars and minerals transported throughout the plant. In 
addition, evaporation within inter cellular spaces provides the cooling 
mechanism that allows plants to maintain the favorable temperatures 
necessary for metabolic processes (Haman and Izuno, 1993). 
Under dry land condition, water deficit, the main environmental stress 
in these areas, is usually accompanied by other stresses such as salt 
and heat. These stresses constitute constraints which prevent plants 
from expressing their genetic potential (Ahmed and Ahmed, 2007). 
Water supply also often determines the distribution of woody plants 
and that is more evident in semiarid and arid tropical regions. 
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2.3 Cell water relation  
Water serves as a solvent and transporter of solutes between cells and 
organs. The greater part of water uptake from the soil is consumed by 
transpiration preventing temperature increase (Turner, 1991; Yeo 
1998). Water supplies cell turgor pressure, which maintains the cell 
form and performs the skeletal function in the soft plant tissues, 
therefore, plant growth and development, depends on water 
availability (Turner, 1991; Yeo 1998). It is the primary limiting factor 
for plant growth in terrestrial ecosystems. Extensive literature has 
shown that under conditions with low water availability in the soil, 
cells of many plant synthesize various kinds of osmotically active 
solutes, such as aminoacids. (Premachandra et al., 1989; Delauney 
and Verma, 1993; Good and Zaplachinski, 1994). Osmotic adjustment 
helps to maintain cell turgor at decreased water potential and is 
considered to be an important factor in the maintenance of plants 
under low soil water availability. 
2.4 Development of water stress  
The term “water stress” refers to physical condition of water in plants 
and when the water condition is unfavorable for optimum plant 
growth, the plant is said to be under water stress (Kramer, 1983). The 
water status of plant tissues depends upon the rate of water flow in the 
soil-plant atmosphere continum. Water used by plant is determined by 
the evaporative demand of the atmosphere, properties of the plant 
canopy and soil properties of water storage and water release to the 
plants (Ahmed and Ahmed 2007). 
Plant water stress, can have major impacts on plant growth and 
development depending on the species.  Early recognition of water 
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stress symptoms can be critical to maintaining the growth of a plant.  
Wilting is the most common symptom of plant water stress. As the 
plant undergoes water stress, the water pressure inside the leaves 
decreases and the plant wilts (Ahmed and Ahmed 2007).  
The development of water deficits in tissues is determined by the free 
energy gradients which develop and result in water movement from 
the soil through the plant to the atmosphere, and the lag between water 
supply and water loss from tissues. Water deficits influence 
productivity in many ways depending upon the severity, timing of the 
water deficits and the genotype (Ahmed and Ahmed 2007). 
The degree of water stress in plants is controlled by the relative rate of 
water absorption and water deficit. It may be caused either by lack of 
available soil moisture or too slow absorption or too rapid loss of 
water or most often by combination of all three (Al-Khalifah et al., 
2006). The decline in tissue moisture content is due to lower 
resistance to water withdrawal from turgid plant tissue than to the 
meager uptake through the roots (Kramer and Kozlowski, 1979). At 
the whole plant level, limited soil water supply may have a strong 
effect on dry matter accumulation (Li, 1998). 
Plants had evolved and became capable of living and reproducing in 
semi arid, arid and even desert regions. However, as aridity increases, 
fewer and fewer species are adapted, and the potential biomass is 
reduced (Creswell and Martin, 1998). Plants are adapted to aridity by 
several mechanisms. Some plants have a short life cycle. They can 
germinate, grow and reproduce during a very short period of available 
moisture. Some other plants have deep or extensive root systems to 
gather water over a wide area. Also, there are plants that are protected 
from water loss by wax or have a very small or narrow leaves. Plants 
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in arid regions may have any or a combination of such mechanisms 
(Creswell and Martin, 1998).  
At least three mechanisms of acclimation to water stress have been 
identified (Khalil and Grace, 1992). The first of these involves a shift 
in the allocation of assimilates from shoot to root. Water deficits 
reduce leaf expansion rate, leaf production and stem elongation. 
Therefore, under water stress more assimilates are partitioned to the 
roots, which increase the root fraction of total biomass (Kramer, 
1983). The second mechanism involves osmotic adjustment, by 
increasing the concentration of solutes in the plant cells. Turgor can be 
maintained at low tissue water potentials, as low water potential 
enables water to continue to be extracted from dry soil (Turner, 1986). 
A third mechanism of acclimation is the closure of stomata in 
response to a reduction in soil water content (Kramer, 1988).  
2.5 Transpiration  
Transpiration is the dominant process in plant water relations because 
it produces the energy gradient that causes water movement into and 
through plants (Kramer, 1983). The rate of liquid water movement in 
plants is determined by the rate of water vapor loss from plant to air. 
Transpiration directly depends on leaf area, stomatal density and 
aperture, leaf temperature, air humidity and the boundary layer of air 
immediately in contact with the leaf surface and canopy conductance 
to water vapor and heat transfer (Ahmed and Ahmed, 2007). Factors,  
such as dry and cold soils, or nutrient deficiencies, can cause 
reduction in transpiration, through partial stomatal closure, by changes 
in leaf orientation or by long term effect on leaf initiation and 
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expansion and, therefore , over all leaf area (Ahmed and Ahmed, 
2007). 
The driving force of water vapor loss from leaves is the difference in 
vapor pressure between the air spaces within the epidermal cells of the 
leaves and the external air. The vapor pressure within the epidermal 
cells is strongly dependant upon leaf temperature and the energy 
balance of the leaves (Cowan, 1982). During the day, when stomata 
are open, transpiration is mainly influenced by solar radiation, 
stomatal aperture and boundary layer resistance. With closed stomata, 
the resistance of the cuticle has strong influence in the reduction of the 
transpiration rate (Jones, 1983). 
Though transpiration is affected by both environmental factors 
(irradiance, vapor pressure deficit of the air, wind and water supply), 
and plant factors (leaf area, leaf structure and exposure, stomatal 
behavior, and effectiveness of the root system as an absorbing 
surface), a change in one of the factors affecting transpiration does not 
necessarily produce a proportional change in the rate of transpiration 
because the rate is controlled by more than one factor (Kramer, 1983). 
2.6 Impact of water stress  
It has been hypothesized that the initial responses of plants to water 
deficits is the change in turgor pressure in certain cells (Bradford and 
Hsiao, 1982). After the initial response, there are many secondary 
effects on the plant function. Plant responses to mild- to-moderate 
plant water deficits may be viewed as being either damaging or 
adaptive (Bradford and Hsiao, 1982). 
Mild water deficits result in slower shoot growth with reduced 
elongation of stems and expansion of leaves. This may be considered 
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as adaptive because it results in reduction of the transpiring surface 
providing a more favorable balance of shoot to root, but it also could 
be considered damaging in that the ability to intercept solar radiation 
and capacity for photosynthesis are reduced (Bradford and Hsiao, 
1982). Similarly, the reversible  closing and opening of stomata with 
drought and re watering may be considered as being either adaptive or 
damaging, clearly an adapted plant is one which exhibits an optimum 
balance, in response to drought, between the avoidance of extreme 
plant-water deficits and the maintenance of carbon dioxide 
assimilation (Ahmed and Ahmed 2007). 
2.6.1 Stomatal response 
The responsiveness of stomata to water stress varies with leaf age and 
past and present environmental conditions (Kramer, 1983). Khalil and 
Grace, (1992) found that stomatal conductance of sycamore (Acer 
pseudoplatanus) seedlings rooted in large soil columns decreased 
linearly with decline in soil water content even though the shoot water 
status was maintained at high levels. It was postulated that the soil 
drying inducing stomatal closure in sycamore is more closely related 
to events in the root than in the shoot. It has been hypothesized that 
the root sense the drying soil (e.g. by reduction in turgor pressure in 
certain root cells). This then influences the production of hormones by 
the roots and their transportation to the leaves, and then stomata 
partially close in response to hormonal effects on the solute potential 
of guard cells (Davies et al., 1986).   
Evidence for the coordination of stomatal function with other plant 
processes is also provided by the excellent correlations that have been 
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observed for long-term effects, between maximum stomatal 
conductance and photosynthetic capacity (Schulze and Hall, 1982). 
2.6.2 Photosynthesis  
Plant growth is largely a reflection of net photosynthesis integrated 
over time (Ort and Boyer, 1985).  Inhibition of photosynthesis during 
water stress is due to the stomatal closure and reduction in internal 
CO2 concentration (Farquhar and Sharkey 1982; Schulze, 1986). 
Therefore, photosynthesis often decreases in paralled with, or more 
than, stomatal conductance (Wong et al., 1985; Huber et al., 1984; 
Raschke and Resemann, 1986; Cornic et al., 1989). These results were 
originally interpreted as evidence that internal CO2 concentration 
increases, implying that there is an additional direct or ‘non-stomatal’ 
effect of water stress on photosynthesis. However, the calculation of 
internal CO2 concentration assumes uniform stomatal behavior (Laisk, 
1983) and it is now well established that stomatal close non-uniformly 
during short-term water stress. While much of the reported drought-
induced decrease in CO2 assimilation can be attributed to stomatal 
closure, part of it has been attributed to direct effects of dehydration 
on the biochemical reactions of photosynthesis (Heitholt et al., 1991). 
The relative magnitude of stomatal and non-stomatal factors limiting 
photosynthesis depends on severity of the stress (Kicheva et al., 
1994). 
 During the dry season in tropical environments, high irradiance, high 
temperature and water deficit can cause photoinhibition determining a 
reduction in photosynthetic capacity of the plant (Powles, 1984). Plant 
survival during and after drought stress is, in part, possibly due to the 
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maintenance of photosynthesis during drought stress, which allows 
rapid recovery of the plant after rehydration (Chaves, 1991). 
2.7 Growth and allocations  
Growth is a permanent increase in size that results from cell division 
followed by enlargement and differentiation (Kramer and Kozlowski, 
1979). The effect of water stress on tree growth and survival have 
been extensively studied (Kozlowski, 1982). Palada and Chang, 
(2003) reported that in dry and arid climates, moringa is established 
using regular irrigation for the first two months. Once established, 
moringa rarely needs watering. The well-rooted tree tolerates drought 
and needs irrigation only when persistent wilting is evident. Moringa 
is quite drought tolerant, but it yields much less foliage where it is 
continuously under water stress (Dalla Rosa, 1993). 
Some reports showed the possibility of equal sensitivity of cell 
division and expansion in soybean and sorghum (Meyer and Boyer, 
1972; Mc Cree and Davies, 1974). However, Bradford and Hsiao, 
(1982) indicated that for many species leaf expansion is most sensitive 
of plant processes to the development of water deficit. 
The marked sensitivity of leaf expansive growth to water deficits 
results chiefly in the maintenance of water uptake through a 
substantial change in the biomass allocation patterns in favor of below 
ground development (Khalil and Grace, 1992 ). It was further reported 
that trees native to arid environment often have a high root/shoot ratio; 
the higher the exposure to drought, the greater the ratio between root 
and shoot mass shifted further in favour of the roots growth (Larcher, 
1995). 
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CHAPTER THREE 
MATERIALS AND METHODS 
 
The materials and methods consisted of collection of M. oleifera and 
M. peregrina seeds, raising of seedlings, applying water treatments to 
the seedlings, evaluation of physiological and growth parameters and 
statistical analysis for the data. 
3.1 Seed source  
Seeds of M. oleifera were collected from trees grown in Shambat area 
(latitude 15° 40` N, longitude 32° 32` E and height 380 m above sea 
level) in August 2008. Seeds of M. peregrina were collected from 
trees growing naturally in East Merowe (latitude 18° 28` N, longitude 
31° 49` E and height 255 m above sea level) in the Northern state, 
Sudan. Shambat soil consists of silt clay soil whereas; Merowe soil is 
characterized by rocky valleys of sandy soils. 
3.2 Raising of seedlings 
Germination was initiated by direct sowing of M. oleifera and M. 
peregrina seeds in soil-filled polythene bags (20 cm x 10 cm) on 17th 
October 2008. The bags were first perforated (4 holes) both at the base 
and on the walls for aeration and easy drainage of the soil then filled 
with silt soil. Two seeds were sown in each bag with a total of 480 
bags. After germination seedlings were singled out and one seedling 
was left per bag. The seedlings were watered by flood irrigation. 
Irrigation was performed early in the morning every two days for the 
first two months.  
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3.3 Water treatment and experimental design 
A total of 240 seedlings per species that were chosen for the 
experiment. The seedlings were placed in a nursery of the Faculty of 
Forestry, University of Khartoum (latitude 15° 40` N, longitude 32° 
32` E and height 380 m above sea level).The seedlings from each 
species were assigned randomly for four irrigation intervals (water 
treatments): 2, 4, 6 and 8 days, with 60 seedlings per treatment. The 
water treatments started on 17th December 2008 and lasted for 12 
weeks. 
The seedlings of the two species were distributed in three blocks. Each 
block was divided into four units, which were assigned for the four 
irrigation intervals. Each unit contained of 20 seedlings from each 
species and randomly distributed in a completely randomized block 
design. M. oleifera (MO) and M. peregrina (MP) seedlings were 
irrigated after 2, 4, 6 and 8 days for three months. For example block 
one was below: 
MO2 MO4 MO6 MO8
MP2 MP4 MP6 MP8 
 
3.4 Measurements 
3.4.1 Growth parameters 
To monitor growth performance of the seedlings of the two species, 
number of leaves and plant shoot height were measured every week. 
The measurements started from the start of the experiment and 
continued until the end of the experiment. Three harvests were done 
during the experimental period. The first harvest was on 6th February 
2009 followed by the second harvest after three weeks. The final 
harvest was performed on 17th March 2009. During every harvest 48 
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plants per species were removed and each plant was separated into 
shoot and root. The shoot of each plant was further separated into leaf 
and stem. The fresh weight of each plant fraction was determined 
immediately. For determination of the dry weight, all plant materials 
were oven-dried at 80ºC for 48 h. At each harvest, the root length was 
also measured. 
3.4.2 Gas exchange measurements 
Gas exchange was measured on two occasions on the days 2, 4, 6 and 
8 (one day before irrigation) and then measured one day after 
irrigation. The seedlings established on 17th February 2009. 
Treatments started on 17th April 2009 for one month and 24 seedlings 
per species were assigned randomly for four irrigation intervals (water 
treatments): 2, 4, 6 and 8 days. Gas exchange measurements were 
performed using a fully-expanded leaf at the top of each plant by a 
portable photosynthesis system (GFS-3000, Walz GmbH, Effeltrich, 
Germany). In addition, net photosynthesis, stomatal conductance, 
transpiration rate and internal CO2 concentration were simultaneously 
determined for 16 seedlings per species. All the measurements were 
carried out between 9: 00 am and 4: 00 pm. 
3.5 Statistical analysis   
The data was treated by the statistical programme, SAS (Statistical 
Analysis System) version 9.00 (SAS Institute, Inc., Cary, North 
Carolina, U.S.A) for the analysis of variance. Separation of means was 
performed using Duncan’s Multiple Range Test. Differences between 
the means were considered significant at P ≤ 0.05. 
 
 
 18
 
CHAPTER FOUR 
RESULTS 
 
The results of this study are presented in two parts. The first part 
demonstrates the variations among the intervals of irrigation (2, 4, 6 
and 8 days) per species for the parameters investigated. The second 
part deals with the variations between the two species at each level of 
irrigation.   
4.1 Variation within each species 
4.1.1 Shoot height 
The irrigation interval had no significant effect on shoot height of M. 
oleifera irrigated every 2, 4, 6 and 8 days (Table. 1). Also, the 
irrigation interval had no significant effect on shoot height of M. 
peregrina irrigated every 2, 4, 6 and 8 days (Table. 2).  
4.1.2 Number of Leaves 
The irrigation interval had significant effect on number of leaves of M. 
oleifera from week 1 to week 12 with exception of weeks 5 and 6 
(Table. 3). The number of leaves decreased with increasing irrigation 
intervals reaching the lowest number in the seedlings irrigated every 8 
days (Table. 3). Similarly M. peregrina seedlings showed significant 
effect of irrigation interval from week 1 till week 12. The number of 
leaves was significantly lower in seedlings irrigated every 8 days 
(Table 4). 
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Table 1: Effect of irrigation intervals on shoot height (cm) of M. oleifera seedlings over 12 weeks. 
 
Irrigation 
interval 
(days) 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
2 34.03 34.53 35.05 35.66 36.27 36.71 37.47 38.10 38.69 39.61 40.57 41.67 
4 30.90 31.43 32.17 32.70 33.27 33.99 34.49 34.76 35.17 35.57 35.99 36.90 
6 30.47 31.20 31.80 32.57 33.20 33.81 34.65 35.38 36.86 38.91 41.03 41.67 
8 35.20 35.90 37.03 37.73 38.57 38.94 39.41 40.60 42.11 44.10 45.95 46.87 
P 0.543 0.551 0.488 0.473 0.441 0.490 0.493 0.436 0.300 0.176 0.102 0.100 
 Means of each week are not significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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          Table 2: Effect of irrigation intervals on shoot height (cm) of M. peregrina seedlings over 12 weeks.                                 
 
Irrigation 
interval 
(days) 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
2 13.21 13.71 14.21 14.71 15.02 15.25 15.44 15.58 15.68 15.80 15.92 16.03
4 13.00 13.50 14.00 14.50 14.70 14.89 14.99 15.10 15.20 15.32 15.44 15.55
6 13.62 14.12 14.89 15.39 15.59 15.69 15.79 15.89 15.99 16.10 16.21 16.32
8 16.69 17.23 17.73 18.23 18.43 18.53 18.63 18.73 18.83 18.95 19.06 19.17
P 0.067 0.065 0.079 0.079 0.085 0.097 0.102 0.105 0.105 0.108 0.111 0.112
 Means with the same letter in the same column are not significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 3: Effect of irrigation intervals on the number of leaves of M. oleifera seedlings over 12 weeks.   
    
Irrigation 
interval 
(days) 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
2 9.53 A 9.80 A 9.47A 9.73A 10.27 10.80 11.13A 11.87 A 12.20 A 11.80A 11.53A 11.20A
4 8.93 A 9.33 A 9.27A 9.27A 8.93 9.47 9.87AB 10.47AB 10.67AB 10.20B 9.07 B 9.40 B 
6 9.93 A 10.40A 9.80A 
10.00
A 
9.67 9.93 10.53A 8.93 BC 9.07BC 9.00BC 8.87 B 8.73 B 
8 5.93 B 6.87 B 7.53B 7.80 B 8.20 8.53 8.47 B 8.60 C 8.93 C 8.60 C 8.67 B 7.07 C 
P 0.0001 0.0001 0.029 0.025 0.118 0.061 0.026 0.002 0.0008 0.0002 0.0008 0.0001 
Means with the same letter in the same column are not significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 4: Effect of irrigation intervals on the number of leaves of M. peregrina seedlings over 12 weeks. 
 
Irrigation 
interval 
(days) 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
2 10.50A 10.92 A 10.83A 11.50 A 11.92A 12.00A 11.58A 12.58A 12.67A 13.00A 12.75A 12.75A
4 10.36A 10.73AB 10.18AB 10.54AB 10.36A 10.64A 11.00A 11.73A 11.82A 12.09A 12.18A 12.18A
6 8.92 A 8.92 B 8.92 B 9.53 B 10.00A 10.62A 10.46A 10.31A 10.46AB 10.62A 10.92A 11.31A
8 6.08 B 6.31 C 6.62 C 6.92 C 7.46 B 7.54 B 7.85 B 7.31 B 8.23 B 7.85 B 7.54 B 7.31 B 
P 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001 0.025 0.002 0.020 0.003 0.007 0.004 
Means with the same letter in the same column are not significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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4.1.3 Root length 
The irrigation interval had significant effect on the root length of M. 
oleifera in the first and second harvests, the 2 days irrigation interval 
gave the longest roots in the first and second harvests. Whereas, no 
significant difference was observed in the final harvest (Table 5). The 
root length of M. peregrina seedlings displayed significant differences 
among the irrigation intervals in the second harvest, the 2 days 
irrigation interval gave the longest roots (Table 6).  
4.1.4 Dry mass 
The irrigation interval had significant effect on root/shoot ratio and 
total plant weight of M. oleifera seedlings. Root/shoot ratio in the 
seedlings irrigated every 8 days displayed significantly lower value, 
whereas the total plant weight decreased with highly significant 
difference at the same level compared with other irrigation intervals in 
the three harvests (Table 7, 9 and 11). 
Also, M. peregrina seedlings displayed significantly lowest values in 
total plant weight in the seedlings irrigated every 8 days compared 
with every 2 and 4 days irrigation in the three harvests (Table. 8, 10 
and 12). 
4.1.5 Gas exchange parameters 
The irrigation interval had significant effect on the gas exchange 
parameters of M. oleifera seedlings (Table 13). Photosynthesis 
decreased significantly with increasing irrigation interval, where, 8 
days irrigated seedlings had lowest values. Similar pattern was 
observed for stomatal conductance and transpiration. However, the 
seedlings irrigated every 8 days displayed significantly higher value in  
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Table 5: Effect of irrigation intervals on the root length (cm) of M. oleifera 
seedlings at three harvests. 
Irrigation  
intervals  
(days) 
Harvest 
1 2 3 
2 14.75 A 17.50 A 13.66  
4 10.66 B 14.41 AB 12.25  
6 13.04 AB 11.66 B 13.41  
8 11.33 B 12.66 B 14.16  
P 0.005 0.016 0.927 
 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
 
 
 
Table 6: Effect of irrigation intervals on the root length (cm) of M. peregrina 
seedlings at three harvests. 
Irrigation  
interval  
(days) 
Harvest 
1 2 3 
2 13.00 12.50 A 12.75 
4 10.37 10.08 B 11.91 
6 11.16 9.50 B 10.75 
8 13.25 10.91 AB 11.00 
P 0.086 0.042 0.502 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 7: Effect of irrigation intervals on the dry mass of M. oleifera seedlings in 
the first harvest. 
Irrigation 
interval 
(days) 
Root dry 
weight  
(g) 
Shoot dry 
weight  
(g) 
Root/shoot 
ratio 
Total plant 
weight  
(g) 
2 7.98 A 2.42 A 3.40 A 10.40 A 
4 4.11 B 1.38 BC 2.70 AB 5.50 B 
6 4.05 B 1.70 B 2.30 B 5.75 B 
8 2.15 C 1.08 C 2.10 B 3.23 C 
P 0.0001 0.0001 0.040 0.0001 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
 
 
 
Table 8: Effect of irrigation intervals on the dry mass of M. peregrina seedlings 
in the first harvest. 
Irrigation 
interval  
(days) 
Root dry 
weight  
(g) 
Shoot dry 
weight  
(g) 
Root/shoot 
ratio 
Total plant 
weight  
(g) 
2 3.53 0.85 A 4.39 4.38 A 
4 3.26 0.63 AB 5.38 3.90 AB 
6 2.82 0.61 AB 4.44 3.44 AB 
8 2.36 0.45 B 5.56 2.82 B 
P 0.297 0.022 0.486 0.022 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 9: Effect of irrigation intervals on the dry mass of M. oleifera seedlings in 
the second harvest. 
Irrigation  
interval  
(days) 
Root dry 
weight 
 (g) 
Shoot dry 
weight  
(g) 
Root/shoot 
ratio 
Total plant 
weight  
(g) 
2 11.09 A 3.35 A 3.61 A 14.45 A 
4 8.03 B 2.10 B 3.88 A 10.13 B 
6 6.75 B 1.77 B 3.78 A 8.53 B 
8 3.19 C 1.40 B 2.56 B 4.60 C 
P 0.0001 0.0001 0.016 0.0001 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
 
 
 
Table 10: Effect of irrigation intervals on the dry mass of M. peregrina seedlings 
in the second harvest. 
Irrigation 
interval 
(days) 
Root dry 
weight 
 (g) 
Shoot dry 
weight  
(g) 
Root/shoot 
ratio 
Total plant 
weight  
(g) 
2 4.73 A 0.66 A 7.22 5.40 A 
4 4.65 A 0.65 A 6.90 5.30 A 
6 3.20 B 0.55 A 6.84 3.75 B 
8 2.80 B 0.38 B 8.10 3.18 B 
P 0.027 0.0005 0.292 0.017 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 11: Effect of irrigation intervals on the dry mass of M. oleifera seedlings in 
the third harvest. 
Irrigation 
interval 
(days) 
Root dry 
weight  
(g) 
Shoot dry 
weight  
(g) 
Root/shoot 
ratio 
Total plant 
weight  
(g) 
2 12.78 A 3.40 A 4.05 A 16.18 A 
4 9.34 B 2.55 AB 3.80 A 11.89 B 
6 7.49 B 2.30 B 3.40 A 9.80 B 
8 3.50 C 1.69 B 2.25 B 5.19 C 
P 0.0001 0.0008 0.002 0.0001 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
 
 
 
Table 12: Effect of irrigation intervals on the dry mass of M. peregrina seedlings 
in the third harvest. 
Irrigation 
interval 
(days) 
Root dry 
weight  
(g) 
Shoot dry 
weight  
(g) 
Root/shoot 
ratio 
Total plant 
weight  
(g) 
2 6.07 A 0.77 A 8.60 6.85 A 
4 6.02 A 0.67 A 9.22 6.70 A 
6 4.45 AB 0.60 AB 7.38 5.05 AB 
8 3.45 B 0.42 B 8.41 3.88 B 
P 0.011 0.004 0.787 0.007 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
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the internal CO2 concentration compared with other irrigation intervals 
(Table. 13). The seedlings of M. peregrina showed that the values of 
net photosynthesis and stomatal conductance declined significantly 
with increasing the irrigation intervals at 6 and 8 days. The 
transpiration values of the seedlings showed significant difference on 
the seedlings that were irrigated every 8 days compared with every 2 
and 4 days irrigation. The seedlings irrigated every 6 days displayed 
significantly higher value in the internal CO2 concentration compared 
with other irrigation intervals (Table 14). 
4.1.6 Gas exchange parameters after rewatering 
The exposure of M. oleifera seedlings to rewatering after the 
differences among irrigation intervals, gave no significant differences 
in seedlings irrigated every 2, 4 and 8 days in net photosynthesis. The 
same result was found in the values of stomatal conductance in the 
seedlings irrigated every 2 and 8 days. No significant differences 
among irrigation intervals in the transpiration and internal CO2 
concentration were found (Table. 15). The seedlings of M. peregrina 
showed that values of net photosynthesis were not significantly 
different in the seedlings irrigated every 2, 4 and 8 days. Stomatal 
conductance and internal CO2 concentration showed significant 
differences in seedlings irrigated every 8 days compared with other 
irrigation intervals. The transpiration values of the seedlings that 
irrigated every 2, 6 and 8 days were not significantly different    
(Table 16).  
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Table 13: Effect of irrigation intervals on the gas exchange parameters of M. 
oleifera seedlings. 
Irrigation  
interval  
(days) 
Gas exchange Parameters 
Net  
photosynthesis 
(µmol m-2 s-1) 
Stomatal 
conductance 
(mmol m-2 s-1) 
Transpiration 
(mmol m-2 s-1) 
Internal co2 
concentration 
(ppm) 
2 2.74 A 30.00 A 1.01 A 203.0 B 
4 1.26 AB 9.00 B 0.49 B 203.6 B 
6 0.35 BC 5.00 B 0.22 B 284.4 B 
8 -0.46 C 2.00 B 0.08 B 678.5 A 
P 0.004 0.001 0.003 0.0001 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
 
 
 
 
Table 14: Effect of irrigation intervals on the gas exchange parameters of M. 
peregrina seedlings. 
Irrigation 
interval  
(days) 
Gas exchange Parameters 
Net  
photosynthesis 
(µmol m-2 s-1) 
Stomatal    
conductance 
(mmol m-2 s-1) 
Transpiration 
(mmol m-2 s-1) 
Internal co2 
concentration 
(ppm) 
2 5.03 A 40.00 A 1.48 A 150.8 B 
4 4.53 A 40.00 AB 1.44 A 169.6 B 
6 1.20 B 10.00 BC 0.50 AB 230.9 A 
8 1.15 B 9.00 C 0.35 B 174.9 B 
P 0.018 0.036 0.036 0.035 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 15: Effect of rewatering on the gas exchange parameters of M. oleifera 
seedlings. 
Irrigation 
interval  
(days) 
Gas exchange Parameters 
Net 
photosynthesis 
(µmol m-2 s-1) 
Stomatal 
conductance 
(mmol m-2 s-1) 
Transpiration 
(mmol m-2 s-1) 
Internal co2 
concentration 
(ppm) 
2 3.02 A 60.00 A 1.26 276.35 
4 1.86 AB 40.00 B 1.04 276.65 
6 1.22 B 20.00 B 1.65 283.03 
8 2.56 A 60.00 A 1.23 285.13 
P 0.041 0.003 0.663 0.839 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
 
 
 
 
Table 16: Effect of rewatering on the gas exchange parameters of M. peregrina 
seedlings. 
Irrigation 
interval 
(days) 
Gas exchange Parameters 
Net 
photosynthesis 
(µmol m-2 s-1) 
Stomatal 
conductance 
(mmol m-2 s-1) 
Transpiration 
(mmol m-2 s-1) 
Internal co2 
concentration 
(ppm) 
2 3.23 AB 40.00 AB 1.37 B 237.40 A 
4 4.01 A 70.00 A 2.64 A 261.53 A 
6 1.61 B 20.00 BC 1.59 AB 210.95 AB 
8 1.54 B 10.00 C 1.05 B 160.65 B 
P 0.016 0.004 0.050 0.037 
Means with the same letter in the same column are not significantly different 
using Duncan’s Multiple Range Test at P ≤ 0.05 
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4.2 Variation between the two species 
4.2.1 Shoot height 
Shoot height of the seedlings irrigated every 2, 4, 6 and 8 days of     
M. oleifera and M. peregrina showed significant differences between 
the two species from week 1 to week 12. M. oleifera displayed 
significantly longer shoot height than M. peregrina (Table 17).  
4.2.2 Number of leaves 
Number of leaves was not significantly different between the two 
species at irrigation interval of 2, 4, 6 and 8 days from week 1 to week 
12 (Table. 18). 
4.2.3 Root length 
Seedlings of both species showed fluctuated values in the root length 
in all intervals of irrigation in the three harvests. However, the 
seedlings irrigated every 2 and 4 days displayed significant 
differences between the two species in the second harvest.  M. oleifera 
displayed longer roots than M. peregrina (Table. 19).  
4.2.4 Dry mass 
Seedlings of M. oleifera and M. peregrina irrigated every 2, 4 and 6 
days showed significant differences between the two species in the 
total plant weight and M. oleifera seedlings displayed higher values. 
Seedlings in all irrigation intervals showed significant differences 
between the two species in the root/shoot ratio and M. peregrina 
seedlings displayed higher values than M. oleifera seedlings in the 
three harvests (Table. 20, 21 and 22).  
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Table 17: Variation between M. oleifera and M. peregrina seedlings at each irrigation interval in shoot height (cm) over 12 weeks. 
Irrigation  
interval  
(days) 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
2 
M. oleifera 34.03A 34.53A 35.05A 35.66A 36.26A 36.70A 37.47A 38.10A 38.69A 39.61A 40.56A 41.67A 
M. peregrina 13.20B 13.70B 14.20B 14.70B 15.01B 15.25B 15.44B 15.58B 15.68B 15.80B 15.91B 16.03B 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
4 
M. oleifera 30.90A 31.43A 32.16A 32.70A 33.26A 33.98A 34.48A 34.76A 35.17A 35.56A 35.99A 36.90A 
M. peregrina 13.00B 13.50B 14.00B 14.50B 14.70B 14.89B 14.99B 15.10B 15.20B 15.31B 15.43B 15.54B 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
6 
M. oleifera 30.46A 31.21A 31.80A 32.56A 33.20A 33.80A 34.65A 35.58A 36.86A 38.91A 41.03A 41.67A 
M. peregrina 13.61B 14.11B 14.88B 15.38B 15.58B 15.68B 15.79B 15.89B 15.99B 16.10B 16.20B 16.32B 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
8 
M. oleifera 35.20A 35.90A 37.03A 37.73A 38.56A 38.94A 39.41A 40.60A 42.11A 44.10A 45.95A 46.87A 
M. peregrina 16.69B 17.23B 17.73B 18.23B 18.43B 18.53B 18.63B 18.73B 18.83B 18.94B 19.06B 19.16B 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
 Means with the same letter in the same column and irrigation interval are not significantly different using Duncan’s Multiple Range Test at 
P ≤ 0.05 
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Table 18: Variation between M. oleifera and M. peregrina seedlings at each irrigation interval in the number of leaves over 12 weeks.  
Irrigation  
interval  
(days) 
Weeks 
1 2 3 4 5 6 7 8 9 10 11 12 
2
M. oleifera 9.53 9.80 9.46 9.73 10.26 10.80 11.13 11.86 12.20 11.80 11.53 11.20 
M.peregrina 10.50 10.91 10.83 11.50 11.91 12.00 11.58 12.58 12.66 13.00 12.75 12.75 
P 0.327 0.400 0.225 0.142 0.286 0.477 0.504 0.692 0.730 0.289 0.366 0.277 
4
M. oleifera 8.93 9.33 9.26 9.26 8.93 9.46 9.86 10.46 10.66 10.20 8.86B 9.40 
M.peregrina 10.36 10.72 10.18 10.54 10.36 10.63 11.00 11.72 11.81 12.09 12.18A 12.18 
P 0.144 0.111 0.436 0.168 0.104 0.325 0.381 0.297 0.177 0.089 0.049 0.081 
6
M. oleifera 9.93 10.40 9.80 10.00 9.66 9.93 10.53 8.93 9.06 9.00 9.06 8.73 
M.peregrina 8.92 8.92 8.92 9.53 10.00 10.61 10.46 10.30 10.46 10.61 10.92 11.30 
P 0.251 0.081 0.451 0.409 0.912 0.702 0.995 0.115 0.408 0.266 0.279 0.110 
8
M. oleifera 5.93 6.86 7.53 7.80 8.20 8.53 8.46 8.60 8.93 8.60 8.66 7.06 
M.peregrina 6.07 6.30 6.61 6.92 7.46 7.53 7.84 7.30 8.23 7.84 7.53 7.30 
P 0.154 0.408 0.148 0.286 0.375 0.307 0.313 0.188 0.139 0.428 0.489 0.819 
Means with the same letter in the same column and irrigation interval are not significantly different using Duncan’s Multiple Range Test at 
P ≤ 0.05 
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Table 19: Variation between M. oleifera and M. peregrina seedlings at each 
irrigation interval in root length (cm). 
Irrigation  
interval  
(days) 
Harvest 
1 2 3 
2 
M. oleifera 14.75 17.50 A 13.66 
M. peregrina 13.00 12.50 B 12.75 
P 0.194 0.050 0.051 
4 
M. oleifera 10.66 14.41 A 12.25 
M. peregrina 10.37 10.08 B 11.91 
P 0.114 0.0008 0.462 
6 
M. oleifera 13.04 11.66 13.41 
M. peregrina 11.16 9.50 10.75 
P 0.112 0.078 0.238 
8 
M. oleifera 11.33 12.66 14.16 
M. peregrina 13.25 10.91 11.00 
P 0.545 0.143 0.264 
Means with the same letter in the same column and irrigation interval are not 
significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 20: Variation between M. oleifera and M. peregrina seedlings at each 
irrigation interval in the dry mass in the first harvest. 
Irrigation  
interval   
(days) 
Root dry 
weight  
(g) 
Shoot dry  
weight  
(g) 
Root/Shoot 
 ratio 
Total plant 
weight  
(g) 
2 
M. oleifera 7.98 A 2.42 A 3.40 10.40 A 
M. peregrina 3.53 B 0.85 B 4.39 4.38 B 
P 0.0001 0.0001 0.332 0.0001 
4 
M. oleifera 4.11 1.38 A 2.70 B 5.50 
M. peregrina 3.26 0.63 B 5.38 A 3.90 
P 0.294 0.0004 0.0001 0.110 
6 
M. oleifera 4.05 1.70 A 2.30 B 5.75 A 
M. peregrina 2.82 0.61 B 4.44 A 3.44 B 
P 0.126 0.0001 0.005 0.020 
8 
M. oleifera 2.15 1.08 A 2.10 B 3.23 
M. peregrina 2.36 0.45 B 5.46 A 2.82 
P 0.382 0.004 0.0001 0.386 
 
Means with the same letter in the same column and irrigation interval are not 
significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 21: Variation between M. oleifera and M. peregrina seedlings at each 
irrigation interval in the dry mass in the second harvest. 
Irrigation  
interval   
(days) 
Root dry 
weight  
(g) 
Shoot dry  
weight  
(g) 
Root/Shoot 
 ratio 
Total plant 
weight  
(g) 
2 
M. oleifera 11.09 A 3.35 A 3.61 B 14.45 A 
M. peregrina 4.73 B 0.66 B 7.22 A 5.40 B 
P 0.0001 0.0001 0.0001 0.0001 
4 
M. oleifera 8.03 A 2.10 A 3.88 B 10.13 A 
M. peregrina 4.65 B 0.65 B 6.90 A 5.30 B 
P 0.008 0.0001 0.003 0.002 
6 
M. oleifera 6.75 A 1.77 A 3.78 8.53 A 
M. peregrina 3.20 B 0.55 B 6.84 3.75 B 
P 0.005 0.0001 0.119 0.001 
8 
M. oleifera 3.19 1.40 A 2.56 B 4.60 A 
M. peregrina 2.80 0.38 B 8.10 A 3.18 B 
P 0.605 0.0003 0.0001 0.033 
Means with the same letter in the same column and irrigation interval are not 
significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 22: Variation between M. oleifera and M. peregrina seedlings at each 
irrigation interval in the dry mass in the third harvest. 
Irrigation  
interval   
(days) 
Root dry 
weight  
(g) 
Shoot dry  
weight  
(g) 
Root/Shoot 
 ratio 
Total plant 
weight  
(g) 
2 
M. oleifera 12.78 A 3.40 A 4.05 B 16.18 A 
M. peregrina 6.07 B 0.77 B 8.60 A 6.85 B 
P 0.0006 0.0001 0.002 0.0001 
4 
M. oleifera 9.34 A 2.55 A 3.80 B 11.89 A 
M. peregrina 6.02 B 0.67 B 9.22 A 6.70 B 
P 0.020 0.0001 0.0001 0.001 
6 
M. oleifera 7.49 A 2.30 A 3.40 B 9.80 A 
M. peregrina 4.45 B 0.60 B 7.38 A 5.05 B 
P 0.050 0.0001 0.050 0.008 
8 
M. oleifera 3.50 1.69 A 2.25 B 5.19 
M. peregrina 3.45 0.42 B 8.41 A 3.88 
P 0.549 0.0001 0.0001 0.098 
Means with the same letter in the same column and irrigation interval are not 
significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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4.2.5 Gas exchange parameters 
The net photosynthesis, stomatal conductance, transpiration rate and 
internal CO2 concentration were not significantly affected by the 
species at the 2 days irrigation interval. However, the effect of the 
species was significant at irrigation intervals of 4, 6 and 8 days. Same 
result was found in stomatal conductance in the seedlings irrigated 
every 4 days. Transpiration rate of seedlings showed significant 
differences between the species in the seedlings irrigated every 4 days 
(Table 23).  
Generally M. peregrina displayed higher values in all above 
parameters than M. oleifera. Seedlings of M. oleifera showed higher 
internal CO2 concentration than seedlings of M. peregrina in the 
seedlings irrigated every 8 days (Table 23).  
4.2.6 Gas exchange parameters after rewatering 
 The net photosynthesis showed significant differences between the 
two species in the seedlings irrigated every 4 days. Whereas, no 
significant differences were found between the two species in the 
transpiration rate in each irrigation interval. Stomatal conductance 
showed significant differences in the seedlings irrigated every 4 and 8 
days. Seedlings of M. oleifera showed significantly higher internal 
CO2 concentration than those of M.peregrina in the seedlings irrigated 
every 2, 6 and 8 days (Table 24).  
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Table 23: Variation between M. oleifera and M. peregrina seedlings at each 
irrigation interval in the gas exchange parameters.  
Irrigation 
interval 
(days) 
Gas exchange parameters 
Net 
photosynthesis 
(µmol m-2 s-1) 
Stomatal 
conductance 
(mmol m-2 s-1) 
Transpiration 
(mmol m-2 s-1) 
Internal co2 
concentration
(ppm) 
2 
M. oleifera 2.74 30.00 1.01 202.95 
M. peregrina 5.03 40.00 1.48 150.78 
P 0.227 0.277 0.423 0.105 
4 
M. oleifera 1.26 B 9.00 B 0.49 B 203.58 
M. peregrina 4.53 A 40.00 A 1.44 A 169.55 
P 0.026 0.036 0.033 0.295 
6 
M. oleifera 0.35 B 5.00 0.22 284.40 
M. peregrina 1.20 A 10.00 0.50 230.90 
P 0.019 0.114 0.079 0.221 
8 
M. oleifera -0.46 B 2.00 0.08 678.5 A 
M. peregrina 1.15 A 9.00 0.35 174.9 B 
P 0.027 0.109 0.113 0.0002 
 
Means with the same letter in the same column and irrigation interval are not 
significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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Table 24: Variation between M. oleifera and M. peregrina seedlings after 
rewatering in the gas exchange parameters 
Irrigation 
interval 
(days) 
Gas exchange parameters 
Net 
photosynthesis 
(µmol m-2 s-1) 
Stomatal 
conductance 
(mmol m-2 s-1) 
Transpiration 
(mmol m-2 s-1) 
Internal co2 
concentration
(ppm) 
2 
M. oleifera 3.02 60.00 1.26 276.35 A 
M. peregrina 3.23 40.00 1.37 237.40 B 
P 0.843 0.457 0.729 0.006 
4 
M. oleifera 1.86 B 40.00 B 1.04 276.65 
M. peregrina 4.01 A 70.00 A 2.64 261.53 
P 0.024 0.024 0.063 0.149 
6 
M. oleifera 1.22 20.00 1.65 283.03 A 
M. peregrina 1.61 20.00 1.59 210.95 B 
P 0.273 0.621 0.913 0.040 
8 
M. oleifera 2.56 60.00 A 1.23 285.13 A 
M. peregrina 1.54 10.00 B 1.05 160.65 B 
P 0.053 0.003 0.739 0.012 
 
Means with the same letter in the same column and irrigation interval are not 
significantly different using Duncan’s Multiple Range Test at P ≤ 0.05 
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CHAPTER FIVE 
DISCUSSION 
 
This study was an attempt to evaluate the effect of irrigation intervals 
(every 2, 4, 6 and 8 days) on physiological and morphological 
characteristic of M. oleifera and M. peregrina seedlings. M. oleifera is 
an exotic species and M. peregrina is an indigenous species in Sudan. 
The results showed significant effect of irrigation intervals within and 
between the two species in most of the parameters investigated.  
5.1 Growth performance  
The irrigation interval had no significant effect on the shoot height of 
M. oleifera and M. peregrina (Table 1 and 2). 
Khan et al. (2005) studied the influence of four irrigation intervals   
(3, 6, 9 and 12) on growth and yield of bell pepper (Capsicum 
annuum), and they found that 3 days of irrigation interval gave the 
highest shoot height compared to other treatments. The authors 
reported that shoot height increased with increasing amount of water 
application, which obviously does not accord with this results.  
The irrigation interval had significant effect on the number of leaves 
of M. oleifera and M. peregrina seedlings. It decreased with 
increasing irrigation intervals reaching the lowest number in the 
seedlings that were irrigated every 8 days (Table 3 and 4).  
Seedlings that were irrigated every 2 days showed approximately 
similar number of leaves of the two species. Similar patterns were 
observed in seedlings that irrigated every 4, 6 and 8 (Table 18). 
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Khan et al. (2005) found that number of leaves was significantly 
higher in plants where irrigation was applied after 3 days of intervals 
than other treatments (6, 9 and 12 days of irrigation interval) in bell 
pepper. Plants can endure drought conditions by shedding of older 
leaves (Larcher, 2000), that contribute to water saving. This can be 
viewed as a recycling program within the plant, allowing the 
reallocation of nutrients stored in older leaves to the stem or younger 
leaves.  This result suggested that 8 days irrigation interval caused 
stress on the seedlings of the two species.  
Root length of M. oleifera seedlings showed in-consistent pattern in 
all irrigation interval. The irrigation interval had significant effect on 
the root length of M. oleifera in the first and second harvest (Table 5). 
Both species showed fluctuated patterns of root growth in all intervals 
of irrigation in the three harvests (Table 19). That could be attributed 
to adaptation of the seedlings to water stress, which led to significant 
increment in the root length of the seedlings irrigated every 6 and 8 
days compared to those irrigated every 2 and 4 days. This was found 
in many dry zone plants; Acacia tortilis, Acacia senegal and Acacia 
mellifera (Musa, 2005; Elmagboul, 2002). 
5.2 Dry mass 
The irrigation intervals had significant effect on root/shoot ratio and 
total plant weight of M. oleifera and M. peregrina seedlings. The total 
plant weight decreased with highly significant difference in the 
seedlings irrigated every 8 days compared with other irrigation 
intervals (Table 11 and 12). 
Total plant dry weight was significantly different between the two 
species at irrigation intervals of 2, 4 and 6 days. In general, M. 
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oleifera displayed higher values of total plant weight relative to        
M. peregrina. However, root to shoot ratio, was significantly higher in 
M. peregrina seedlings in each treatment of irrigation than those of   
M. oleifera (Table 22). 
Dunford and Vazquez (2005) investigated the effect of water stress on 
plant growth in Mexican oregano (Lippia berlandieri Schauer); there 
were 4 watering schemes (0.2, 0.4, 0.8 and 1.2 L water/plot/15 days). 
They reported that moisture had a significant effect on plant 
production, and plants that received more water produced a higher 
amount of dry matter. This result indicated that seedlings in 8 days 
irrigation interval had significantly reduced production capacity of 
both species. Also, these results are in accordance with Li (1998) who 
reported that at the whole plant level, limited soil water supply may 
have a strong effect on dry matter accumulation. 
Plant adjustment to the low resources in arid environments include 
altered leaf structure and increased proportions of assimilates 
allocated to roots (Poorter and Nagel, 2000). It was further reported 
that trees native to arid environment often have a high root/shoot ratio; 
the higher the exposure to drought, the greater the ratio between root 
and shoot mass shifted further in a favour of the roots growth 
(Larcher, 1995). Higher root/shoot ratio was exhibited by M. 
peregrina. This response was partly responsible for enabling the plant 
to tolerate drought. Therefore, under soil drying more assimilates are 
partitioned to the root, which increase the root fraction of total 
biomass (Kramer, 1983). This will increase water absorption capacity 
of the seedlings during drought. 
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5.3 Gas exchange parameters 
The irrigation interval had significant effect on the seedlings 
photosynthesis, stomatal conductance and transpiration rate of the M. 
oleifera and M. peregrina. It caused reduction, reaching the minimum 
values in the seedlings irrigated every 8 days. Seemingly, this 
indicates that a reduction in net photosynthesis was caused by both a 
decrease in stomatal conductance and water stress effect on 
photosynthetic apparatus as suggested in previous studies (Leidi et al., 
1993; Calbo and Moraes, 1997; Heitholt et al., 1991; and Raggi, 
1992). It was reported that leaves that survive drought often show 
higher rates of photosynthesis per unit leaf area (Ludlow and Ng, 
1974). However stomatal closure under conditions of water stress 
might be considered beneficial in protecting the stressed plants against 
dehydration (Willmer and Fricker, 1996). Transpiration rate showed 
the same response pattern similar to that in conductance. 
5.4 Gas exchange after rewatering   
The exposure of M. oleifera and M. peregrina seedlings to rewatering 
after  the differences among irrigation intervals, gave no significant 
differences in the seedlings irrigated every 2, 4 and 8 days in net 
photosynthesis (Table 15 and 16). 
El Hafid et al. (1998) reported that the capability to recover upon 
rewatering depends on the species and on the severity of the water 
stress imposed. Chaves (1991) reported that plant survival during and 
after drought stress is, in part, possibly due to the maintenance of 
photosynthesis during drought stress, which allows rapid recovery of 
the plant after rehydration. Rahman et al. (1999) studied the effect of 
water stress on the growth and ecophysiological responses in two 
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drought-tolerant and two drought- sensitive tomato cultivars. In all 
cultivars, net photosynthesis in stressed plants rapidly recovered after 
rewatering and this agreed with these results. These results suggest 
that photosynthetic machinery of the species was not adversely 
affected by the degree of water stress imposed. 
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 Conclusions 
This study tested the effect of irrigation intervals on M. oleifera and 
M. peregrina seedlings by assessment of some physiological and 
morphological parameters. It was concluded that there were variations 
within species and also between the two species in their response to 
increasing irrigation intervals. The results indicated that M. peregrina 
can tolerate longer irrigation intervals than M. oleifera, because M. 
oleifera exhibited significant reduction in most of the investigated 
parameters in the 8 days irrigation interval.  
The two species maintained closed values in shoot height among 
irrigation intervals. The number of leaves per species was significantly 
reduced with increasing irrigation intervals. This suggests that plants 
can endure drought conditions by shedding of older leaves to 
reallocate the resources to the active shoot. Root length showed 
fluctuating response pattern in both species for all intervals of 
irrigation at the three harvests. The increased root length seedlings at 6 
and 8 days could be linked to the adaptation to lower moisture 
availability.  
Increasing irrigation intervals had adverse effect on total plant dry 
weight in each species. Although, M. oleifera seedlings displayed 
higher values in total plant weight, there were no significant 
differences between the two species in the seedlings irrigated every 8 
days. The observed higher root/shoot ratio in M. peregrina is an 
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indication that this species is more promising to survive dry 
conditions.  
M. oleifera and M. peregrina maintained the minimum values of net 
photosynthesis, stomatal conductance and transpiration in the 
seedlings irrigated every 8 days. However, M. peregrina maintained 
significantly higher net photosynthesis per unit area compared to M. 
oleifera.   
In both species, net photosynthesis in seedlings irrigated every 8 days 
rapidly recovered after rewatering. The better performance of 
Moringa peregrina under water stress and recovery after rewatering is 
attributed to ability of plants to maintain a better water status and 
minimize the reduction of photosynthesis.  
6.2 Recommendations 
1. M. peregrina is more drought tolerant than M. oleifera; it 
tolerate increasing irrigation intervals and recovery after 
rewatering thus, it is recommended for afforestation programs 
in dry lands. 
2. The results suggest that irrigation frequency in the nursery 
should not be later than 6 days for M. oleifera.  
3.  More research is needed in the physiology and growth of M. 
peregrina to follow its response to longer irrigation intervals; it 
never received any attention despite its great potential.  
4. More work in the same species to follow their field performance 
and adaptation is required. 
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